Abstract Recent research has focused on the ways urban forest patterns vary in relation to level of urbanization and socioeconomic characteristics, with most studies limited to one urban land use type or multiple non-differentiate land uses. Additionally, the majority of studies examining urban forest patterns focus on canopy cover extent, with less attention given to patterns of species diversity. This study explores how tree species diversity varies across different urban land uses and municipal boundaries to better understand the role of land use types in shaping urban forest patterns. The goal is addressed through an exploration of plot-level tree data in the urban municipalities of Peel Region located in the Greater Toronto Area (Ontario, Canada). Species composition and standard diversity metrics are calculated for eight land use types and four municipalities. Our results show that differences in diversity metrics and species composition are greater between urban land uses than municipalities. Moreover, Peel's urban forest has relatively high alpha diversity but many species are present on only one land use type. The results suggest that different causal processes are associated with each land use type, and that urban forest managers should adopt land use-specific strategies to meet species composition goals within the urban forest.
date, the relationship between different land use types (i.e. residential commercial, etc.) and urban forest patterns has largely been overlooked. Yet the varied purposes, actors, and built surface requirements of each land use are likely associated with different urban forest conditions.
In addition to a lack of attention given to variations across land uses, relatively little research has examined patterns of tree species diversity within cities. The benefits of managing for a diverse forest are increasingly recognized within urban forestry. In general, higher levels of biodiversity allow for more complex ecosystem functioning and greater overall productivity, while creating more niche opportunities that positively feedback to further increase biodiversity (Groombridge and Jenkins 2002) . Species diversity also provides greater security against environmental changes and stochastic events, including pest invasions, by increasing the potential for adaptation and survival (Alvey 2006) . Urban biodiversity, in particular, increases the amount of exposure that city residents have to a wide spectrum of nature, which is an important element in stimulating people's desire to support conservation (Goddard et al. 2010) . Additionally, evidence suggests a range of positive psychological and physiological effects are present when people interact with areas high in biodiversity (Cilliers 2010; Millard 2010) . Urban biodiversity can play this role for city dwellers, and is especially important for those unable to travel to natural amenity-rich destinations outside urban landscapes.
The goal of this study is to begin to address the gap our understanding of urban tree species patterns through an exploration of tree species composition and diversity across several urban land use types and between neighboring municipalities. The study area is Peel Region (Ontario, Canada), located within in the Greater Toronto Area. Peel contains a mix of land uses distributed across its urban towns and cities, the level of government where most urban forestry policy exits. Plot-level tree data were used to calculate several common measures of species diversity. Specifically, species richness, evenness, and alpha and beta diversity were quantified for eight urban land use types and the four urban municipalities within the region. The following sections describe recent efforts to understand urban forests patterns, with emphasis on species diversity; present our methods and results; and discuss the implications of the results in the context of future research and urban forest management.
Patterns of urban forest abundance and diversity
Recent research focusing on patterns of tree abundance and diversity within urban landscapes has primarily taken two broad approaches: documenting patterns (1) along urbanization gradients and (2) across different socioeconomic groups. First, many studies have used an urban-rural gradient approach, proposed by McDonnell and Pickett (1990) , as a way to explore ecological conditions in urban regions. This approach builds on the gradient analysis tradition within ecology, and is based on the idea that urban intensity provides a proxy for many of the dominant factors influencing ecological conditions in urban landscapes. In particular, urban-rural gradients represent a unique situation where 'experimental' conditions with varying levels of urbanization exist that researchers are otherwise unable to create (McDonnell and Pickett 1990) . While the gradient has been defined in a variety of ways, it is typically represented by a transect running from an urban center out to rural hinterlands or a simple density measure, like population density (Conway and Hackworth 2007) . Critiques of this approach often focus on these simplistic representations of urban areas (Ramalho and Hobbs 2012) .
In a 2008 review, McDonnell and Hahs identified 189 papers that adopted an urban-rural gradient approach to study the distribution of organisms, with studies of birds most common and studies of plants (often including but not limited to trees) representing about a quarter of papers reviewed. Across all taxa, McDonnell and Hahs (2008) identified six responses associated with the level of richness or abundance and the degree of urbanization, including both positive and negative relationships to urbanization, as well as more complex uni-and bi-modal relationships.
When focusing on tree species, McDonnell and Hahs (2008) found a positive relationship with an urbanization gradient index, which included factors like dominant land cover and population density. These results follow the general pattern of relatively high diversity levels in urban forests as compared to the surrounding region (Cornelis and Hermy 2004; Jim and Liu 2001) . However, Ortega-Álvarez et al. (2011) and Berland (2012) documented highest tree species richness and canopy extent, respectively, at intermediate levels of urban development, while Burton et al. (2005) found that the diversity of woody plants increased as urbanization decreased. Other have concluded that plant richness-urbanization patterns, including trees, varied by transect or did not show a distinct pattern (Dallimer et al. 2012; Porter et al. 2001) . These results suggest that the relationship between urbanization and tree species richness is not stable across landscapes, and additional factors, beyond degree of urbanization, are likely influencing the level of richness.
Drawing on political ecology theory, the second approach emphasizes the role of neighborhood socioeconomic conditions in determining urban forest patterns. In particular, recent research has explored whether the inequality hypothesis, which has been documented for a variety of environmental amenities and hazards within the environmental justice literature (c.g. Grineski et al. 2007 ), applies to the urban forest. There is a growing body of evidence suggesting that in many North American cities household income and other measures of neighborhood wealth are positively related to the extent of canopy cover (Emmanuel 1997; Heynen and Lindsay 2003; Iverson and Cook 2000; Landry and Charkraborty 2009; Pedlowski et al. 2002; Talarchek 1990 ). Additional socioeconomic factors often found to be correlated with tree cover include average level of education (Heynen and Lindsay 2003; Landry and Charkraborty 2009; Talarchek 1990 ), ethnic and racial composition (Flocks et al. 2011; Heynen et al. 2006; Landry and Charkraborty 2009; Troy et al. 2007) , and percent of renters (Heynen et al. 2006) . While presence of inequality is debated (Pham et al. 2012) , at a minimum, an uneven distribution based on socioeconomic conditions does commonly exist. While this approach has primarily been used to explore the extent of canopy cover, similar relationships have been found in broader plant diversity studies (Acar et al. 2007; Cohen et al. 2012; Hope et al. 2003 Hope et al. , 2006 Lubbe et al. 2010) .
Although the urbanization gradient and neighborhood socioeconomic approaches have increasingly been adopted to explore patterns of trees species, surprisingly few studies have incorporated the potential effects of land use type. For example, many tree diversity studies focus exclusively on one specific urban land use type (Allison et al. 2008; Hobbs 1988; Tanner and Gange 2005; Thompson et al. 2003; Trammell and Carreiro 2011; Weifeng et al. 2006; Zipperer et al. 1991; Zipperer and Zipperer 1992) or are limited to only street trees and those on public land (Jim and Liu 2001; Nagendra and Gopal 2010; Sjöman et al. 2011) . Alternatively, several studies examining urban vegetation patterns lump all urban land use together (Conway and Hackworth 2007; Emmanuel 1997; Heynen and Lindsay 2003; Muthulingam and Thangavel 2012) . The importance of bridging these two extremes was illustrated by Godefroid and Koedam (2006) who found differences in plant species richness across six urban land uses in Brussels.
The different purposes of urban land use types means there is variation in available planting sites, general landscaping goals, and the types of people making decisions (i.e. residents, commercial property managers, municipal parks departments). These distinctions potentially contribute to different tree species compositions across land uses. Knowledge of similarities and differences between urban land use types is needed to better understand the mechanisms driving species diversity, and can provide guidance for future studies. For example, if two or more land uses have very different species composition and/or richness-levels, then the differences in conditions associated with those land uses, including the actors specific to each, need to be further examined to understand the causal processes. Documentation of species composition characteristics within and between land use types is also needed to develop successful management plans (Godefroid and Koedam 2006) . Much of the urban forest is located on private property, requiring cooperation with land owners in order to maintain and grow a healthy forest. Understanding if and how the urban forest differs by land use type would help identify strategies targeting each group of land owners to ensure all parts of the urban forest are contributing to species composition goals.
Methods

Study area and data
Peel Region occupies 1,254 km 2 of southeastern Ontario (Canada), falling within the bounds of 43°35′N to 43°52′N and 79°37′W to 80°0′W (Fig. 1) . To the East is Toronto, Canada's largest city, while its southern boundary is Lake Ontario. The region of Peel is situated within the Great Lakes-St. Lawrence Forest Region, which is characterized by species such as Pinus strobus, Pinus resinosa, Tsuga canadensis, and Betula alleghaniensis (Hosie 1979) . Carolinian forest species are also present (Waldron 2002) .
Due to its proximity to Toronto, Peel has experienced rapid population growth within the last 40 years, with the southern part of the region nearly built-out. In 2006, 97 % of Peel's 1.16 million residences lived within one of the four urban municipalities located in the region: Bolton, Brampton, Caledon and Mississauga (Table 1) . Brampton and Mississauga contain a mix of residential neighborhoods (ranging from large apartment towers to fully detached family homes), a number of shopping complexes and historic town centers. The other two municipalities, Bolton and Caledon, are much smaller is area and population; both are officially referred to as 'rural service centers'. In addition to variations in population density and median income, a major difference between the four municipalities is the percent of residents who are immigrants to Canada. In terms of urban forestry policy, all municipalities require developers to plant street trees on new residential development, often from a list of preferred trees, and have goals to replace any tree removed on public property. Mississauga limits property-owners to removing no more than five trees a year from their property without a permit, while the other municipalities do not regulate tree removal on private property.
Stem counts and species type for 279 plots were used in the analysis (Fig. 2) . The data were collected in the summer of 2006 by the Toronto and Region Conservation Authority, initially for use in the UFORE Model (now i-Tree Eco; USDA 2011). Plot sites were selected throughout the study area using a spatially stratified random sampling method, with approximately 1 plot per 140 ha. Each plot is 11.3 m in diameter (a total circular area of 400 m 2 ). Within a plot, every tree stem greater than 2.5 dbh was counted and identified by species type. A plot's land use was determined using the Municipal Property Assessment Corporation's (MPAC) existing classification scheme. The MPAC is a non-governmental entity that conducts value assessments of all property in Ontario. The classification is at the property-level, with parking lots and all land covers assigned to a single land use within a property. Use of this classification allowed consistent land use definitions between the four municipalities (TRCA 2011). Plots initially classified as 'other', which includes vacant residential land, sports complexes, and constructions sites, were excluded from this analysis, resulting in eight land use classes (Table 2) .
Data analysis
First, simple species richness and total stem abundance was calculated for each of the eight land use categories and four municipalities. An analysis of variance (ANOVA) was used to investigate variations in plot-level species richness and stem abundance across both urban land use types and municipalities, while accumulation curves were created to test for exhaustive sampling. Second, more sophisticated diversity metrics (alpha diversity, species evenness, and beta diversity) were examined to better understand the distribution of tree species. Each of these measures was calculated using the software Species Diversity and Richness III (Seaby and Henderson 2006) .
Caledon Bolton
Brampton Mississauga UFORE Plots Alpha diversity is a heterogeneity measure that combines the influence of richness and evenness to produce a single, community-specific diversity value. It is commonly described as providing a measure of 'within community diversity' (Southwood and Henderson 2000) . Two metrics of alpha diversity were used in this study: Shannon-Weiner Index and the Simpson's Index.
The Shannon-Weiner Index, H', is a very common measure of alpha diversity (Magurran 1988; Southwood and Henderson 2000) , which allowed us to compare diversity levels found in this study with previous work. It is a non-parametric index based on the proportional abundance of species taking into account both species richness and evenness, using the equation:
Where p i represents the proportion of the population that belong to the ith species. Typical values for H' range from 1.5 to 3.5 when measurements are obtained from empirical data (Magurran 1988) . While the index's prevalence provides a useful comparison against other urban forest studies, it has been criticized for being heavily biased by species number (Southwood and Henderson 2000) and moderately sensitive to sample size. To account for these biases, Simpson's Index, D, was also calculated. D is a dominance measure reflecting the probability that any two individuals drawn at random from an infinitely large community belong to the same species (Magurran 1988) . It is much more sensitive to the most abundant species in a sample than it is to species richness. D is calculated using the following formula:
The relationship between the diversity of a population and the value of D is inverse. As diversity increases, D decreases from 1 to 0, somewhat counter intuitively (Waite 2000) . Because of this, the measure is often employed in the more practical forms of 1-D or 1/D. Here, the reciprocal form was used, denoted as C. The lower bound for C is 1 (minimum diversity) and the maximum value for each sample is the number of observed species (maximum diversity). Together, H' and C illustrate the distribution of species abundance within a community and contribute to a comprehensive analysis.
Evenness was also calculated for each land use type and municipality to explore if each sample was dominated by a just a few species, as uneven species representation is a key concern of urban foresters (Kenney et al. 2011) . Evenness was examined first by producing rank-abundance curves, allowing for assumptions to be made about the ecology of each community, and then using Simpson's measure of evenness to obtain a quantifiable measure of the distribution of diversity within a community. The latter measure is obtained by manipulating the Simpson's Index of diversity, D, into a complimentary evenness measure, E 1/D , using the following formula:
Where S is the number of species in the sample. The resultant evenness measure ranges from 0 (no species equitability) to 1 (total species equitability).
Beta diversity is the measure of the difference in diversity that exists between communities. It was used in this study to quantify the amount of species diversity that exists between each of the distinct land use types and between municipalities. The original measure of beta diversity, β W , was developed by Whittaker (1960) . However, because this metric requires a standard sample size, β W is not a valid measure to use with this dataset. In order to overcome this sample size dependency, an adaptation on β W was introduced by Harrison et al. (1992) . Harrison's measure, β H1 , is calculated as:
Where S represents the total number of species in the system, α represents the average sample diversity assuming that all samples are a standard size and diversity is species richness and N is the number of plots in a sample population (Magurran 2004) . Beta diversity was calculated between each land use pair, resulting in 32 pair-wise comparisons. The average value associated with each land use type was then determined. The process was repeated to calculate average beta diversity for each municipality.
Results
In total, the 2006 survey included 4,122 stems within the 279 plots in Peel. This sample population was comprised of 179 different species. On average, each plot had 15 stems and five species. The three most abundant species (and their percentage of the total population) are: Thuja occidentalis (15 %), Rhamnus cathartica (11 %), and Fraxinus americana (8 %). Thus, three species account for 34 % of the sample, while the ten most common species equals 58 %.
Urban land use types
The average number of stems per plot for each land use type ranges from 3 to 29, while the range in average number of species per plot is much narrower (Table 3) . The results of the ANOVA confirmed that plot-level stem abundance (F=3.85, p<0.01) and species richness (F=−11.08, p<0.01) varies significantly across land use type. The varied distribution between land uses justifies a more in-depth analysis of these relationships. The species accumulation curves suggest that four land uses (residential, vacant land, commercial and parkland) were sampled nearly exhaustively (Fig. 3) . Not surprisingly, these are the most common land uses with the highest number of plots.
The majority of the results of the Shannon-Weiner Index (H') fall within the normal range (1.5-3.5) reported in the literature for all ecosystems (Table 4; Magurran 1988 ). Only residential land exceeds this range, indicating that it has the highest degree of within community diversity, and significantly so. The rankings of alpha diversity values were the same for both Simpson's Index and H'. However, substantial differences exist between the Rank abundance curves, illustrating the degree of evenness of species distributions across each land use class, all fell within a range between the log and log normal distribution models. Both models represent species distributions that are uneven, having few abundant and many rare species. Similarly, the Simpson's E values for all the land use types in Peel Region were relatively very low (Table 4) , which supports the findings that a small number of species dominate the composition in each land use type.
In addition to the abundance of just a few dominate species, land use type-specific species are much more common in Peel than generalist species, making the distribution of land use an important factor in the distribution of tree species. Of the 179 total species that occur in the Peel Region sample, 48 % were found in plots of only one land use type. Of those, 69 % were found on residential land. Only three species were identified on plots of all eight land use types (Acer negundo, Acer saccharum, and Rhamnus cathartica). Two of these three generalist species are native to the landscape; Rhamnus cathartica is not. Average pair-wise beta diversity values range from 52 to 69 (Table 4) , with β H1 values for specific pairs of land use classes ranging from 34 to 87. These values support the assessment that different compositions of trees species exist on different land uses.
Tree composition on the four most common land use types, which also have the most robust samples, are described in more detail below. First, residential land, the most common urban land use type in Peel, represents 52 % of the plots surveyed and contains 81 % of all species identified. Thus, even though the residential plots have a relatively low stem density, this land use type has the highest alpha diversity (Tables 3 and 4) . Of the 145 species identified, 42 % were represented by only one or two individuals, while the most common species (Thuja occidentalis) is represented by 179 individuals, or 13 % of the residential stem count (Table 3) . Thus, the pattern of many rare species and a few dominant species corresponds to the residential plots exhibiting very low evenness. Based on average pairwise β H1 values, the tree community associated with residential plots is relatively unique, but is most similar to vacant land (β H1 =38.76).
Vacant land represents 16 % of the plots surveyed and contains 49 % of all species identified. Stem density is highest on vacant land, while the average number of species per plot is in line with most other land use types (Table 3) . Of the 88 species identified, 40 % were represented by only one or two individuals, which is very similar to the proportion of rare species on residential land. The three most common species are all represented by over 225 individuals each, comprising 51 % of the stems in the vacant plots (Table 3) ; vacant land has the lowest evenness of any of the land use types.
Commercial land diverges from the pattern seen across residential and vacant plots; it has a very low average number of stems and species per plot, but a relatively high alpha diversity when considering all commercial plots together. This is because there are 43 species represented by only 126 stems on the 37 commercial plots. Commercial land also has the highest evenness values in this study. While 63 % of the species are represented in commercial plots by only one or two individuals, the most common species has only 12 individuals. Another characteristic unique to commercial land use plots is the dominance of non-native species. Of the 10 most abundant species on each land use type, between seven and nine are native (Table 5 ). The exception to this is commercial plots, where only four of the 10 most abundant species are native.
The fourth most frequent land use type sampled, parkland, has moderate values for average numbers of stems and species per plot, as compared to the other land use types. Alpha diversity values also fall in the middle of the range seen in this study. The evenness The number in parenthesis is the percent of stems on the specific land use represented by that species. Native, naturalized, and introduced status based on Farrar (1995) and Hosie (1979) value, however, is relatively low. These diversity values are primarily a result of two factors. First, 56 % of the species located in park plots are represented by only one or two individuals, the second highest proportion of rare species among the eight land use types. Second, the most common species represents 34 % of all stems in park plots (Table 5) . In additionally to being taxonomically uneven, the spatial distribution of common species is highly clustered on parkland. For example, the vast majority (89 %) of the most abundant species in parkland, Rhus typhina, is limited to a single locality within Peel. Because of this, R. typhina cannot be considered a recurrent component of the landscape, even in parkland, despite it being the fifth most abundant species in the sample. Whether or not to consider R. typhina a tree or a shrub has been debated (Meaghan Eastwood, TRCA, personal communication). It was decided for this study that it should be considered a tree because it commonly grows to a height of six metres (Farrar 1995) and it is classified as a tree in many reference guides (Farrar 1995; Hosie 1979) . However, when considering the density of the species compared to others, it should be taken into account that in reaching maturity, stems may be substantially smaller than their maximum thickness of 10 cm (Farrar 1995) .
Even if Rhus typhina is excluded, parkland is still dominated by a few species. With R. typhina, the three most common species represent 55 % of all stems. When excluded, that number is 40 %, and the most common species accounts for 19 % of all park stems.
Municipalities
The four municipalities also vary by average plot-level stem count, observed species richness, and the number of plots (Table 6 ). Caledon has an average per plot stem density between two and four times higher than the other municipalities, but has the lowest number of observed species. The two biggest municipalities (Brampton and Mississauga) have the lowest average stem density and number of species per plot.
Species accumulation curves indicate that for each municipality sampling was much closer to being exhaustive than it was for many of the land use classes (Fig. 4) . Bolton and Caledon produced curving graphs, most similar to the parkland and commercial curves. Brampton and Mississauga produce species accumulate curves that come closest to reaching an asymptote. Therefore, diversity measures taken from these municipalities relatively accurately represent the composition of tree species within them. ANOVA results indicated that significant differences exist in plot-level stem abundance (F=−5.14, p<0.05) and species richness (F=1.49, p<0.05) by municipality, though these relationships are less strong than for land use.
The municipal values for the Shannon-Weiner index were higher on average than they were for the individual land use types (Table 7) . Again, the results for C corroborate the rankings produced by H', with municipalities ranked from highest to least diverse as: Mississauga, Bolton, Brampton, Caledon. Across all four municipalities evenness is very low. Mississauga has the highest alpha diversity and evenness values, with the most common species, Rhus typhina, accounting for only 14 % of all stems in the sample. Caledon has the lowest alpha diversity and evenness values, and the two most common species, Thuja occidentalis and Faxinus Americana, representing 37 % and 17 % respectively. The most common species, when broken down by municipality, are primarily native (Table 8) .
Overall, the municipalities are more similar to each other in species composition than when comparing land use types (Table 7) . The municipality pairing with the greatest between-plot species diversity is Mississauga and Caledon (β H1 51.11). The two municipalities with the most shared species are Caledon and Bolton; only 38 % of their populations are mutually exclusive. 
Discussion
Based on the sampled plots in Peel Region, the urban forest is comprised of a few common and many rare tree species. While this pattern holds for all land use types examined, there are differences in the forest composition between the eight land uses. Specifically, stem density, alpha diversity, evenness, and species composition varies, with many species found on only one land use type within the sampled plots. While more exhaustive sampling would likely increase alpha diversity metrics, it would probably not increase evenness as rare species are often overlooked when under-sampling occurs. The documented differences in diversity-levels and species composition between urban land use types indicates that future work needs to explicitly acknowledge land use composition when documenting urban tree species patterns and exploring mechanisms associated Crataegus (9 %) native Thuja occidentalis (7 %) native
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The number in parenthesis is the percent of stems in the specific municipality represented by that species. Native, naturalized, and introduced status based on Farrar (1995) and Hosie (1979) with those patterns; aggregation of urban land use types likely obscures key factors associated with city-wide variations. Studies using an urbanization gradient approach should consider ways of incorporating land use composition, using a composite index at a minimum. Research examining differences associated with neighborhood-level conditions need to account for land use within each neighborhood to better understand urban forest patterns and explore if socioeconomic correlations are partially a result of differences in land use composition.
Of the land use types considered in more detail, residential plots had the largest alpha indices highlighting the high level of tree diversity typically found on this land use type (Stewart et al. 2009 ). The high species diversity is likely due to the variety of social factors influencing residential property management (Troy et al. 2007 ), which do not affect other land use types to such a degree. Homeowners' emphasis on aesthetics contributed to a high number of exotic species, while possessing unique and rare species is often used as a way of showcasing wealth or specific cultural values (Marco et al. 2010) . Thus, the typical residential parcel has only one or two individuals of any given species. Many other studies have examined (vascular) plant species composition on residential land and also found high levels of species richness, a high percentage of exotics, and that species composition is strongly shaped by the behavior of their owners (Smith et al. 2005) . Thus, the high tree species diversity documented in this study is not surprising given the cultural diversity of Peel Region. Relatively few exotic trees were identified in this study as compared to studies focused on vascular plants, but the results are in line with tree species composition in other North American cities (Nowak 2010) .
Alternatively, the high richness found across residential land use plots may be partially a result of the breadth of the residential land use class. The wide diversity of building types (single family through to apartment towers) and properties size means that available planting space and site conditions are highly varied within this single land use class. Future work should more carefully examine the variation in residential conditions, in addition to the socioeconomic characteristics that have been the more recent focus of residential tree studies, to further explore species diversity patterns.
While there are many species present, residential land has very low evenness, a finding that is also supported by the literature (Sudha and Ravindranath 2000) . High unevenness likely results from the mix of unique species often favored by residents and the few species frequently used along property edges. The most common species present in these residential plots are those used to create visual barriers (i.e. Thuja occidentalis) and historically popular street trees (i.e. Acer platanoides), and are not the unique exotics found in much lower numbers. As street tree planting is the responsibility of the municipality, diversifying these trees is likely the simplest way to in increase evenness in residential areas, given the large number of actors (i.e. property owners) who control relatively small areas within this land use type.
Vacant land in Peel possesses mid-range alpha diversity values, but has the highest ranking for average stem abundance per plot. This is similar to the results of the UFORE data analysis in Chicago (Nowak 2010) , who found their 'open space' land use category ranked first for number of trees per area and leaf area index. Such a trend is not surprising on vacant land, as it is not actively being used for any purpose, thus planting areas are not limited by human activities. The most common species is the same as for residential, while the second most common species (Rhamnus cuthartica) is invasive in the region; its presence is likely due to the absence of active management and disturbed conditions found on most vacant land plots. The risk of such invasive species expanding on to surrounding land should be assessed. Efforts to actively manage these lands for high diversity, given a lack of constraints by land use activities, should be adopted. This could be achieved with the help of resident associations and other community groups who would benefit from such management.
Commercial land as a specific land use designation is not often considered in the urban forestry literature. One study that does investigate commercial land found that in Bangalore City (India) it has a relatively low Shannon-Weiner index (1.549) and very low tree density (Sudha and Ravindranath 2000) . Ningal et al. (2010) had similar findings for commercial land in central Dublin, Ireland. While Peel's commercial areas have a much higher alpha diversity value, a very low stem density was consistent with the results from Bangalore and Dublin.
In Peel, many of the commercial lands are highly managed by professional landscaping companies, who likely choose from a relatively narrow range of species that can withstand conditions produced by adjacent streets, parking lots and sidewalks. This management likely is the prime contributor to the high evenness, and the high number of exotic species is further evidence of active planting decisions. Even with the low stem density, prior research has shown that business improvement associations are interested in planting trees to create aesthetically pleasing environments that will attract customers (Conway et al. 2011 ). Yet, commercial areas often have very large areas of impervious surface (typically in the form of parking lots) which limit planting opportunities (Pauleit 2003) . These factors suggest steps should be taken to increase available tree planting area, including reviewing zoning requirements regarding parking lot design, and may be positively received by many business owners. Efforts could also be made to diversity plantings, but it is difficult to find a wide range of species that can survive the high-levels of car activity typical of commercial land.
The alpha and evenness values for Peel's parkland is lower than would be expected given the well documented trend for the natural heterogeneity of activities within parks to yield relatively high diversity values (Jim and Chen 2009; Jim and Liu 2001) . For example, across ten Nordic cities Sjöman et al. (2011) found a greater diversity of trees in parks than along streets running through a variety of urban land uses. If Rhus typhina were removed from this analysis, the evenness measure would slightly increase due to its dominance on parkland, but average stem density would decrease by nearly half. A possible explanation is that the parks included in the analysis are primarily small, neighborhoods parks with playing fields and other recreational facilities. Thus, the number and diversity of trees may be lower than in parkland that is less intensely managed and/or comprised of larger tracts. Cornelis and Hermy (2004) found that large woodlots in Flanders had higher species richness than the combined richness of several smaller woodlots totaling the same area, supporting this explanation.
Comparing the municipalities, there is less variation in the diversity metrics and tree composition than for land use. This is parallel to results from three towns in South Africa, where differences in diversity within each town were greater than differences between the towns (Kuruneri-Chitepo and Shackleton 2011). The diversity that exists between municipalities in this study is likely a result of the heterogeneity of land use types within each municipality. However, more extensive sampling of each land use type is needed to fully examine this issue.
The higher alpha-values for the municipalities, as compared to the land use types, are not surprising as each municipality is composed of many different land use types that have their own set of associated species. All but Caledon are at the high end of typical Simpson-Weiner values (1.7-3.1) and total number of species identified in samples collected following a similar UFORE protocol 1 in North American urban municipalities (Nowak 2010) . With regard to the differences that do exist, contextual and historical factors may explain some of the variation. Mississauga and Brampton have the highest density of people and greatest intensity of urban land uses, which may account for the relatively low stem density. Mississauga directly borders the City of Toronto and has several major highways crossing the municipality; both contributed to (sub)urban-style development beginning earlier here than in the other municipalities. The relatively extended history of such development has allowed for a longer period of planting on urban sites across the municipality, which may account for the higher diversity levels. Age of housing development is well documented in its relation to tree canopy size (Troy et al. 2007 ), but it may also be associated with the level of species diversity. However, more research on this and other potential correlates of urban forest species diversity, beyond land use type, is needed. Conversely, the sample from Caledon has the lowest alpha diversity values, but the highest average number of stems per plot. Caledon has not experienced the high population growth or influx of diverse immigrant groups that has shaped Mississauga over many decades, and Brampton more recently. Its smaller size, slower rates of land use change and less intensive urban land uses, may have facilitated its relatively high stem density and low alpha-diversity levels. Additionally, Mississauga's high alpha-value may be a result of it containing the largest number of plots, while Caledon is geographically small and contains fewer plots; previous studies have found a positive relationship between land area and species richness (Angold et al. 2006) .
Several authors have identified an urban forest species diversity management target of: no species should account for more than 10 % of the entire tree population (Grey and Deneke 1986; Miller and Miller 1991) . Kenney et al. (2011) further defined a gradient of performance levels for species diversity to help managers assess the health of the urban forest. Based on the sampled population in this study, Peel exceeds both Kenney et al's 'low' level, where fewer than five species dominate the majority of the tree population, and 'moderate' level, where no tree species exceeds 20 % of the sampled population. However, two species do not meet the 'good' performance level, representing more than 10 % of the total tree population. The results are not as strong at the municipal-level: Brampton and Caledon both have one species representing more than 20 % of the total sample, Bolton has two species representing more than 10 % each, and Mississauga has one.
While only 8 % of stems in the sample, the significant presence of Fraxinus americana on all but commercial land use, and its dominance in Caledon, indicate a major vulnerability in Peel's urban forest given the presence of Emerald Ash Borer within the region (Region of Peel 2011). It also highlights the vulnerability of uneven species representation, and has contributed to Peel's focus on increasing species richness and evenness levels in its urban forest (TRCA 2011) .
There are a few limitations with the dataset used in this study. First, land use types were not proportionally represented across municipalities, so the dominance of specific species within each municipality may be misleading since land use type is strongly related to the species present; more representative land use sampling in the municipalities may find individual species are less dominant than this analysis indicates. Second, several less common land uses were under-sampled, raising questions about the accuracy of the diversity metrics for these land uses. Finally, the sampling protocol counted stems not trees. As a result, trees that typical have multiple stems are likely to be overrepresented. Alternatively, use of stem counts in this study mirrors other samples collected for UFORE analysis, allowing these results to be comparable to other cities. Given these caveats, the results clearly indicate differences in tree species composition and diversity between land use types, suggesting that future research needs to account for the effects of land use composition and explore the role of land use-related factors in causal processes.
Conclusions
This study found variations between urban land use types in tree species composition and diversity metrics, with a large number of species limited to only one land use type. The extent of these differences is greater between land uses than neighboring municipalities. These results emphasize the importance of differentiating between urban land uses when examining urban forest patterns and casual processes. Given the land use-based heterogeneity, strategies tailored to each land use type should be adopted to maintain a healthy and diverse urban forest. Some differences were also identified between the four municipalities, which are likely related to their development histories and current land use composition. Future work should more thoroughly sample less common land uses and explore tree planting and removal processes associated with each land use type to fully understand the variations in causal processes.
